INTRODUCTION
Skeletal muscle is the tissue primarily responsible for whole-body insulin-stimulated glucose disposal [1] [2] [3] . Glucose transport is thought to be the rate-limiting step for glucose utilization in skeletal muscle [4] [5] [6] . GLUT4 represents the primary glucose transporter isoform expressed in the insulin-sensitive tissues skeletal muscle, heart and adipocytes, and is the major glucose transporter responsible for the rapid stimulation of glucose uptake by insulin in these tissues [7] [8] [9] [10] [11] [12] . However, the mechanism of insulin action in skeletal muscle has not yet been clarified.
Immunocytochemical and biochemical techniques have demonstrated the possibility of GLUT4 translocation to the cell surface of heart and skeletal muscle in response to insulin stimulation [12] [13] [14] [15] [16] [17] [18] , similar to that seen in adipocytes [19] . In the isolated rat soleus and in perfused hindlimb, insulin stimulated a 5-20-fold increase in glucose transport activity [20] [21] [22] [23] . However, insulin stimulates only a 2-3-fold increase in GLUT4 concentration in plasma membranes when measured by the traditional cytochalasin B binding method, and/or by GLUT4 Western blotting [10, 24, 25] . This difference initially gave rise to, and now perpetuates, the concept that insulin stimulation in skeletal muscle results in both recruitment and activation of glucose transporters [11, [25] [26] [27] . On the other hand, these data could also indicate that such in vitro techniques for assessing cell surface glucose transporter content are inadequate to quantify the translocation process seen in vivo [10, 12, 25] , as has been noted previously for rat adipocytes [28] . Until now, only by using isolated plasma membrane vesicles could glucose transport activity and glucose transporter content (by Western blotting or cytochalasin B binding) be measured in the same preparation [29, 30] . However, no method exists to make similar measurements in intact skeletal muscle.
Recently an impermeant glucose transporter photoaffinity reagent, 2-N-4-(1-azi-2,2,2-trifluoroethyl)benzoyl-1 ,3-bis-(Dmannos-4-yloxy)-2-propylamine (ATB-BMPA), has been used to quantify glucose transporter content and to study subcellular distribution in both isolated adipocytes [9, [31] [32] [33] and cell cultures [7] . In the present study we 
Immunoprecipitatlon of GLUT4
Immunoprecipitation was carried out as described by Calderhead and Lienhard [35] , with the following modifications. An immunocomplex was made by incubating 22.5 ,ul of the anti-(GLUT4 Cterminus) antiserum in 500 4ul of PBS with 100 4ul of 500 Protein A-Sepharose for 90 min at 4 'C. Uncomplexed antibody was then washed off. Thesit-solubilized total crude muscle membranes were added to the immunocomplex and mixed at 4 'C overnight. The pellets were washed twice with 1 ml of 0.2 % Thesit in PBS followed by 3 x 1 ml washes in PBS containing 1 mM EDTA. Finally, the antibody conjugates were released from the Protein A-Sepharose matrix in sample buffer containing 2.80% SDS, 4.6 M urea and 100 mM dithiothreitol (final concentrations).
Quantfflcation of ATB-[2-3H]BMPA-labelled GLUT4 glucose transporters The immunoprecipitated GLUT4 glucose transporters were subjected to electrophoresis on 16 cm x 3 mm 10 % SDS/ polyacrylamide gels run in the Laemmli discontinuous buffer system [36] . Gels were stained with Coomassie Blue, destained, and then sliced by lane into 8 mm slices. The gel slices were dried at 80 'C for 3 h, dissolved in 500 ,ul of alkaline 30 18 'C markedly inhibited endocytotic activity [39] , while 4 'C slowed membrane movement. We found that the amount of photolabel incorporated into recovered GLUT4 increased when the incubation period was extended from 1 to 5 min at all three incubation temperatures, presumably due to diffusion into the muscle fibre layers, and remained relatively constant for up to 20 min. Only with 30 min of incubation was an additional increase in labelling observed at 24 'C as compared with continued constant labelling at 4 'C, suggesting uptake of photolabel into intracellular compartments (Figure 1 ). Thus GLUT4 that is photolabelled following incubation for [5] [6] [7] [8] [9] [10] We have also compared the PhotoMax mercury arc lamp with the Rayonet lamp used in other photolabelling studies [9] . The exposure time for maximal ATB-[2-3H]BMPA labelling of GLUT4 was 2-3 times less with the mercury lamp compared with the Rayonet (2 min versus 6 min). We used the mercury arc lamp for all studies, since it was important to minimize the total incubation time (incubation + irradiation) to prevent photolabel internalization.
Quantification of GLUT4 in photolabelled soleus muscles Figure 2 illustrates typical gel profiles of photolabelled GLUT4 immunoprecipitated from crude membranes of basal and insulinstimulated soleus muscles. A distinct single peak of 3H counts was observed running in the molecular mass range that corresponds to that of GLUT4 as detected by Western blotting. Photolabelling in the presence of insulin plus cytochalasin B abolished the GLUT4 immunoprecipitated peak. The inset shows a gel profile of total crude membranes from insulin-and insulin+ cytochalasin B-stimulated muscles. There appeared to be other photolabelled proteins, as indicated by the multiple peaks. However, only the 45 kDa peak was affected by cytochalasin B, indicating that this peak represents photolabelled glucose transporters. This demonstrates the importance of the immunoprecipitation procedure to eliminate non-specific background for better quantification.
Several criteria were met which ensured full recovery of photolabelled GLUT4. No glucose transporter 45 kDa protein was observed in the supernatant remaining after immunoprecipitation, as determined either by cutting and counting or by Western blotting for GLUT4. The efficiency of immunoprecipitation for GLUT4 used in these studies, as determined by Western blotting, was found to be greater than 850%. This efficiency enables reliable quantification of the amount of photolabelled GLUT4 from intact soleus muscles. [40] . During the subsequent preparation of this paper similar data obtained using almost identical methods were reported by Lund et al. [41] .) This study demonstrates the novel use of the exofacial photolabel ATB-[2-3H]BMPA to detect surface membrane-accessible GLUT4 glucose transporters in isolated rat soleus muscles. Using identical muscle preparations, we have carefully assessed the specificity of the labelling of GLUT4 in each step, in order to confirm the quantitative relationship between cell surface GLUT4 and glucose transport activity. This study directly demonstrates the change in number of surface-accessible GLUT4 in contact with the extracellular space in response to insulin in a model traditionally used to measure glucose transport activity.
The present study, however, does not answer the question of the cellular location of the glucose transporters that become accessible to ATB- [1-Insulin
